The landscape ecology applied in the analysis and management of watershed is an important issue in modern ecology and geography. Because the population growth and economic development, the pattern and process of watershed influenced strongly by human activity. In this paper, we discussed the spatial-temporal 
Introduction
Watershed occupied certain area which composite with different ecosystems, for example, aquatic, riparian, and terrestrial ecosystems [1] . From the spatial scale and compositions, most watersheds are the typical landscapes; therefore the principle and methodology of landscape ecology properly meet the requirement of watershed analysis and management [2] . Landscapes are dynamic mosaics of natural and human-created patches that vary in size, shape and arrangement [3, 4] . Monitoring and detecting the change of landscape patterns under disturbance, especially anthropogenesis disturbance is a critical issue for watershed management and sustainable development [1, 5] . The pattern and process are the fundamental components in the analysis and management of watershed and landscape. Spatial pattern of watershed reflected the historical development and the adaptation for the environmental conditions. The landscape pattern impacts the ecosystem structure and function, also influenced the water and biogeochemical cycling, as well as the natural conservation [1] . The fragmentation of landscape pattern results in the decreased size of continuous biotope and decreased the connectivity between populations.
In order to obtain quantitative information on biophysical characteristics of landscape, the remote sensed data area commonly used to determine and monitor the landscape pattern and change [6] . The digital nature of land cover information from satellite imagery enables a potentially large number of landscape metrics to be derived. The large area coverage and repeat viewing of remotely sensed data provides information at relatively fine spatial (typically 30 meters) and temporal resolution for mapping the type and dynamics of biotope patches in the landscape [7] . Carbon biogeochemical cycles and budget is one of critical ecosystem process in the landscape and watershed. The net flux of carbon between terrestrial ecosystems and atmosphere is uncertain. Mid-latitude forests of the northern hemisphere are currently as a significant carbon sink, but the geographic distribution of the sink and the mechanisms generating it are uncertain [8] .
In other side, the temperate forests locate in mid-latitude of northern hemisphere had been alternated as heavily human clearcut logging in once continuous cover by mature and old-growth forests. Many forest watersheds and landscapes became highly fragmented and most were deforested. Deforestation has been a source of increasing C in the atmosphere in the last century [9] . Siletz basin is a typical watershed in central coast Oregon, the watershed covers about 1000km 2 , the siletz river across through the watershed (Fig. 1 ). Since 1970s, many anthropogenesis disturbances happened in this watershed, and alternated the land cover and landscape pattern, convert the carbon sink to sources. As a case study in this paper, we
quantitatively analyzed the changes of land cover, landscape pattern and carbon budget in 1978, 1989 and 2000 periods of Siletz basin watershed using Landsat MSS, TM and ETM+ satellite imagery and FRAGSTATS spatial pattern analysis method, as well as the carbon fluxes and stocks data. The purposes of this research are to understand the land cover change rate in a typical temperate rain forests watershed and landscape, revealed the landscape pattern dynamics and the impacts on the carbon budget of watershed scale. Fig.1 The location of Siletz basin in central coast Oregon, USA.
Methods

Land cover classification using Landsat MSS,TM and ETM+ imagery
Vegetation classification is the dominant component of land cover mapping in most parts of the world and remote sensing provides the most cost effective means to achieve this goal [10, 11] . For mid and large areas, Landsat satellite imagery, include Multiple Spectrum Scanner, (MSS), Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (Landsat 7 ETM+), especially Landsat 7 ETM+, including one 15 m panchromatic band and six 30 m multiple spectral bands, offers reasonably high spatial and spectral resolution upon which a region wide classification can be created. Landsat MSS, TM and Enhanced TM plus (ETM+) satellite imagery was acquired in July 30, 1977, July 21, 1988 , and August 2000, path 46 and row 29. The projection system used was Universal Transverse Mercator (UTM) Zone 10; Spheroid was Clarke 1866; and Datum was NAD27. Oregon Digital Ortho Quad (DOQ) images were created by U.S. Geological Survey (USGS) and U.S. Forest Service (USFS) and are in the public domain. The images have been projected into the Oregon Geographic Information Council (OGIC) standard projection (Oregon Lambert). DOQ files, provided in MrSID format, were downloaded from the state of Oregon web site: http://www.odf.state.or.us/gis/doq.html. ERDAS Imagine software was used to convert the photos to image file format, and reprojected to the UTM zone 10 projection. A total of 21 DOQ images were used in the project with dates ranging from 1992 to 1995. The aerial photos used in this project were taken between 1972, 1993 and 1997 and supplied by the Confederated Tribes of Siletz Indians. They were georeferenced to match the DOQ and satellite imagery projection of UTM zone 10. GIS coverage for roads (1:24000) was acquired from the Bureau of Land Management (BLM) to be used in image rectification, as were data layers on cities and towns, tribal ownership (supplied by the Confederated Tribes of Siletz Indians), and elevation in the form of a 30 m resolution Digital Elevation Model (DEM) acquired from the USGS. The image classification results were field checked in Spring 2002. Forest type, age and other land cover data were collected along with GPS coordinates. Previously published data, for example, Cohen et al [11, 12] To improve subregional accuracy, the image was rectified using the 1:24000 roads data acquired from the BLM to less than 0.5 pixel root mean-square error (RMSE) using third-order polynomial and resampled to 30 m pixels using the nearest-neighbor option. Rather than relying solely on RMSE values to assess the quality of the rectification, which relies on a pixel-by-pixel correction, the available road coverage (1:24000) was overlaid on the rectified imagery and visually inspected for quality. Once satisfied with the results, we proceeded to actual image classification. We believe visual analysis with linear features like roads provides a better rectification result than when relying solely on point features (or pixels), which are often difficult to locate on TM imagery. 2.1.2 Optimal Iterative Unsupervised Classification (OIUC) of Vegetation. The objective of vegetation classification using remote sensing is to assign the digital image data (in the form of pixels) into discrete and meaningful categories. A correctly classified image will represent areas of vegetation that share particular spectral characteristics as specified by an established classification scheme [13, 14] . The method of Optimal Iterative Unsupervised Classification (OIUC)
developed for this project is described below. The first step in the OIUC procedure is to build up a useful reference dataset from which to base the satellite image classification. In this case, we combined the DOQ data, Aerial Photos, field survey data and available previously published data on the region [11] . These datasets were used to identify the characteristics of the vegetation categories to be discerned from the satellite image. Using supporting imagery and other data is a visual interpretation process [15] , which leads to a much better image classification result. We used the reference dataset along with the Landsat MSS, TM and ETM+ false color composite to determine forest classes to be delineated. These false color composites, especially ETM+, are very similar to the overall appearance of aerial photos [14] . The main advantage of this approach is that we can use the knowledge of the area to decipher complexities in the landscape that would be almost impossible for a computer to interpret in isolation. This type of approach is particularly useful for broad area assessments where classification of individual pixels would not be appropriate [13] [14] [15] . For the particular mapping objective in this study area, cover classes were as follows: 1 -Old conifer forest (> 150 years); 2 -Mature conifer forest (50-150 years); 3 -Young conifer forest (10- The OIUC method, as used in this project, overcomes the problems of parameter variability and mismatching of spectral clusters and thematic classes. In the OIUC method, the homogeneity of a cluster is produced through an iterative approach. In the initial unsupervised classification (ISODATA), 40-60 clusters were produced using the ISODATA command in ERDAS Imagine. These clusters were then matched with reference imagery and data (DOQ images, geo-reference aerial photos, and field notes). The pixels that met homogeneity criteria and provided good matches with classification categories were then recorded into the appropriate vegetation identity. For some classes, the first iteration is adequate to delineate a particular land cover class (e.g., water). Other pixels are more difficult to assign the proper class after the first iteration. For example, pixels influenced by landscape shadows are more difficult to discriminate and require additional runs of ISODATA clustering to break out the various classes of interest.
After the optimal iteration of classification was completed, the results were combined to form the final classified outcome. We merged these files using the OVERLAY function in ERDAS Imagine. The detail description sees Jiang et al. [16] .
2.1.3 Accuracy Assessment. Accuracy assessments are essential components of all remote sensing projects. Quantitative accuracy assessments depend upon the comparison of the mapped classes with more reliable reference data. In this project, an independent validation was conducted using the DOQ, aerial photos and ground investigation data. A total of 100-130 random distribution points were assigned and compared. The procedure of accuracy assessment for remote sensing imagery is well described in the ERDAS Imagine Field Guide and reports by Cohen [11] et al. and Wayman [17] et al. The quantitative accuracy assessment includes the creation of an accuracy matrix, error matrix, and Kappa statistic. The classification results reached high accuracy, overall accuracy are 83.18%, 82.44% and 83.38%, respectively (Tab. 1).
Spatial pattern analysis
No single landscape pattern metric captures all aspects of fragmentation; a suite of selected metrics may be useful in interpretation of landscape change and must be carefully considered relative to the type of change (the patches). A common approach in fragmentation research is to calculate a set of metrics that captures a range of fragmentation landscape changes. The set of metrics chosen along with a brief description and algorithms are listed in Tab.2.
The description of landscape pattern requires more than one metrics, so the question now becomes how to select a relevant subset. Determining how many metrics to use and how to combine the metrics so that the results are meaningful and interpretable remains challenging [18] .
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The most common metrics applied to analyze forest fragmentation at the class or patch type level include number of patches, mean patch size, patch shape, edge density, mean core area, patch density, fractal dimension, inter-patch distance, and interspersion and juxtaposition. We used the FRAGSTATS spatial pattern analysis program ver. . 10 metrics also classified into four groups to represent the pattern fragmentation metrics (LPI, NP, MPS, PD), interior area metrics (MCA1, and TCMI), patch shape complexity metrics (AWMSI and AWMPDF) and isolation metrics (MNN) of landscape pattern configuration [19] .
Carbon fluxes and stocks estimation
There are reports on estimated the carbon fluxes (e.g. NPP) and carbon stocks (e.g. biomass) by remote sensing [6, 20, 21] , however, a lot of ground truth investigation data is the basis to conduct this kind research. For the evaluation of carbon fluxes and stocks in the landscape and regional scale, other common way is to compile published data as parameters in the empirical estimation [8, 22] . Near by Siletz watershed, there were some data published regard to carbon fluxes and stocks of major forest types, include Douglas-fir, Western Hemlock, Sitka spruce, and Pines (e.g., Ponderosa pine) forests [4, 9, 22, 23] . Based on these datasets come from literatures, we compile a datasets, include different vegetation and succession seral in Siletz (Tab. 2). In this table, carbon fluxes have Net Primary Production (NPP), Respiration of heterotrophic (Rh), and Net Ecosystem Production (NEP); carbon stocks have biomass, litter and soil carbon, and ecosystem carbon.
Results
Land cover change
The vegetation classification results of the Siletz River Basin showed very low proportions of old and mature forests (Tab. 4). Historically, this area was dominated by much older forests (under which species such as salmon evolved) prior to industrial development (Defenders of Wildlife 1998). A very large proportion of the Siletz Basin is young forest, and with over 20 percent of the landscape recent clearcuts or young regeneration. The majority of the older forest cover types are concentrated on the Siuslaw National Forest located primarily in the northwest quarter of the basin and the scattered land holdings managed by the Bureau of Land Management. Older forests on lands owned by the Confederated Tribes of the Siletz Indians are restricted to only a few blocks, and these blocks are isolated and surrounded by very young forestlands (Figs. 2,3,4) . The changes of land cover are significant from 1977 to 2000 (Figs. 2, 3 and 4) . The old conifer and mature conifer forests decreased quickly as the clearcut logging. In 1977-2000 periods, the percentage of old conifer and mature conifer area in entire Siletz basin from 23% and 12% decreased to 12% and 7%, respectively. The young conifer forest and non-forest land from 24% and 5% increased to 43% and 14%, respectively. Deciduous also showed the decline trends, from 29% in 1977 decreased to 20% in 2000. 
Landscape pattern change
In Pacific Northwest, usually, the old conifer forest consisted of relatively large, continuous patches with very low patch densities. In contrast, the young conifer forest consisted of relatively small patch size and high patch density [19] . In Siletz basin, the pattern of old and young forests consistent with the common trends in 1977 (Tab. 4). However, as the harvesting disturbance, the landscape pattern had been changed in 1988 and 2000 periods. In 2000, the old conifer forest showed small patch size, lower large patch index (LPI) and mean core area index (MCA1 and TCAI) and longer mean nearest neighbor distance (MNN), indicating a greater overall level of fragmentation of old conifer forest habitat on this period; the young conifer forest had been changed in different direction, the patch size, LPI and mean core area index increased, indicating these pattern increased the homogeneous. Mature conifer and deciduous forests had similar trend with old conifer forest, also it is not so obvious. The change trend of non-forest land pattern is similar with young conifer forests. The pattern change of regeneration forests is not so regular (Tab. 4). 
Carbon fluxes and stocks dynamics
The late seral (old and mature) forests are the carbon pools based on their ecosystem carbon stocks, include living biomass, litter and soil carbon. A lot of carbon storage in aboveground and belowground of late seral forests. In contrast, the young forest, regeneration forest, and non-forest land, they lack of carbon in biomass and litter, and soil carbon is also less than late seral forests, therefore, the carbon pool capacity is much smaller than late seral forest ecosystems , the ecosystem carbon pool decreased from 17640797t to 13405720t between 1977 and 2000 (Tab. 6). Although the NPP of late seral forest usually are lower than young forest, don't have more active ability for carbon sequestration, however, the young forest, regeneration forest and non-forest land have high soil respiration (Rh), release a lot carbon from soil to atmosphere. After balancing the absorb and release, NEP as a synthesis indicator can estimate the net accumulation of carbon, then it can indicate the carbon source and sink role of ecosystem in carbon fluxes. We found the NEP pool of Siletz basin had been changed from 1977 to 2000 as the land cover alternated by harvest disturbance, the NEP pool was decreased from 100462t/a to 76800t/a (Tab. 6).
Discussions
Land cover change in watershed scale
Watershed is the basic unit in landscape and ecosystems management. A spatially explicit description of land cover, which is generally regarded as the composition and structure of land surface elements, is fundamentally important for resource planning for a wide range of human activities [10, 17] . As the requirement of forest resources increased following with the human population growth and economic development in Pacific Northwest, especially in coast range, current harvesting intensity stronger and rotation is shorter than history, both in private land and public land. In this study, we found the acceleration period (Fig. 5) . Because the reforestation, young forests change is positive following with the man-made plantation after harvesting disturbance. The disturbance rate is higher than other nearby area, for example, in a 12000km 2 area of western Oregon, 14.7% (0.7% per year) of the total forest land was harvested between 1972 and 1993 [5] ; In British Columbia interior area of Canada, the decrease of 10.9% (0.64% per year) in mature and old conifer forests area between 1975 to 1992.
The growth rate in this region is higher than above-mentioned area, it is one of major reasons of the change rate is relatively high. As the western Oregon, close to Cascade, the moisture is lower than Siletz basin, British Columbia of Canada locate in the northern part of temperate rain forests, the production are lower than Siletz. In this region, many private landowners are planning for rotations of 55 years, and public lands are planning for 80 years [5] .
(a 
PD
Patch Density. PD equals the number of patches in the landscape divided by total landscape area, multiplied by 10,000 and 100 (to convert to 100 hectares).
MPS
Mean Patch Size. MPS equals the total landscape area (m 2 ), divided by the total number of patches, divided by 10,000 (to convert to hectares).
AWMSI
Area-Weighted Mean Shape Index. AWMSI equals the average shape index (SHAPE) of patches, weighted by patch area so that larger patches weigh more than smaller ones.
AWMPFD
Area-Weighted Mean Patch Fractal Dimension. AWMPFD equals the average patch fractal dimension (FRACT) of patches in the landscape, weighted by patch area.
MCA1
Mean Core Area Per Patch. MCA1 equals the sum of the core areas of each patch (m 2 ), divided by the number of patches, divided by 10,000 (to convert to hectares).
TCAI
Total Core Area Index. TCAI equals the sum of the core areas of each patch (m 2 ), divided by the total landscape area (m 2 ), multiplied by 100 (to convert to a percentage); that is, TCAI equals the percentage of the landscape that is core area.
MNN
Mean Nearest Neighbor Distance. MNN equals the sum of the distance (m) to the nearest patch of the same type, based on nearest edge-to-edge distance, for each patch in the land-scape with a neighbor, divided by the number of patches with a neighbor. A = Total landscape area (m 2 ). aij = Area (m 2 ) of patch ij. n = ni Number of patches in the landscape of patch type (class) i. n' = n'i Number of patches in the landscape of patch type (class) i that have nearest neighbors. pij = Perimeter (m) of patch ij. hij = Distance (m) from patch ij to nearest neighboring patch of the same type (class), based on edge-to-edge distance. aij c = Core area (m 2 ) of patch ij based on specified buffer width (m). 
Landscape pattern change
Landscape ecology focuses explicitly upon spatial patterns. Specifically, landscape ecology considers the development and dynamics of spatial heterogeneity, spatial and temporal interactions and exchanges across heterogeneous landscape, influences of spatial heterogeneity on biotic and abiotic processes, and management of spatial heterogeneity [24, 25] . The quantification of spatial pattern is an area of broadly practical interests [2] . Concerns during the last decade over the cutting of old-growth forests in the Pacific Northwest (USA) have focused the need for a better understanding of the effects of forest management upon biodiversity. In this study, the fragmentation analysis suggested that a different pattern of forest disturbance typically occurred at different temporal periods. The fragmentation occurs at many spatial scales and may have a variety of short-term and long-term effects [7] . In general, harvesting result in more fragmented landscapes that differ significantly from intact forest in their ecological characteristics. Between 1988 and 2000, the more dispersing clearcut patches results in numerous deleterious fragmentation effects that can greatly influence biodiversity, it also may be strengthen as total area of forest disturbance occurs at high rate.
In Siletz basin, we found younger ones generally replace older forest stands that are logged. If disturbance rates exceed regrowth, forests in the region once dominated by older forests had became increasingly perforated with disturbance and early succession patches. This is a special concern in the US Pacific Northwest where juxtaposition of early-and late-succesional habitats may be facilitating important ecological changes and impacting survival of some species [5, 19] . Because the pattern of land use can alter both the rate and direction of natural processes, and land-use patterns interact with the abiotic template to create the environment in which organisms must live, reproduce, and disperse, land use refers to the way in which and purposes for which humans employ the land and its resources [1, 4] . For example, more recent configurations of forest stands of younger age classes have resulted in the expansion of Barred Owl (S. varia) populations that now compete or hybridize with Northern Spotted Owls reducing this species overall fitness [19] . Most ecological emphasis on patch size concerns species. Yet, Hobbs (2001) conclude that the effect of habitat fragmentation on ecosystem process. Working in a severely fragmented landscape with scattered, remnant natural vegetation patches, he and his colleagues note major alterations in hydrologic regimes, mineral nutrient cycles, radiation balance, wind patterns, and soil movement. Furthermore, these altered processes change species patterns [1] .
Carbon budget change
Landscape ecology is founded primarily on the notion that landscape structure and composition strongly influence ecological processes [2] . From this study, we revealed the Siletz basin carbon pool and carbon sink capacity decreased dramatically as the harvesting disturbance. regarding the carbon sink switch to the source as harvesting disturbance, however, we also proved that even the reforestation after clearcut logging the old and mature forest, but the young regeneration forest and open land mostly belong to the carbon source, which have highly respiration of heterotrophic. After that, the total carbon sequestration ability decreased hugely in entire basin (Tab. 6). It results in the region carbon budget loss balance, and made more carbon contribution to the atmosphere.
Conclusions
Siletz basin is a typical watershed in US Pacific Northwest. The spatial-temporal dynamics of landscape pattern and process in watershed scale were studied. Multiple temporal Landsat Satellite remote sensing imagery provided a comparable data resources in the detection of land cover change. The land covers were classified with higher accuracy used the Optimal Iterative Unsupervised Classification (OIUC) method. The spatial pattern and carbon budget were quantified by the FRAGSTAS and literature database. We revealed the changes of land cover are significantly from 1977 to 2000. The old conifer and mature conifer forests decreased quickly as the clearcut logging. In 1977-2000 periods, the percentage of old conifer and mature conifer area in entire Siletz basin from 23% and 12% decreased to 12% and 7%, respectively. In contrast, the young conifer forest and non-forest land from 24% and 5% increased to 43% and 14%, respectively 
